We trained three groups of rats, young (Y; 3 months at the start of study), middle aged (MA; 15 months), and aged (AG; 22 months), in the serial five-choice serial reaction time task, a test of attention.
There were clear age-related differences in task acquisition: Y acquired the task quicker than MA rats, which learned faster than AG rats. A subgroup of AG rats [AG(I)] could not reach criterion (> 80% correct, < 20% omissions under standard conditions of 0.5 set stimulus duration, 5 set limited hold). Accordingly, they were tested under conditions of 1 set stimulus duration. Having acquired the task, under standard conditions both MA and AG groups were slower to make a correct response but not to collect the food reward. Furthermore, parameter changes, particularly reductions in stimulus duration and intensity, revealed further age-related changes in accuracy.
Following completion of these studies, animals were trained in a simpler one-choice task. Importantly, reducing stimulus duration/intensity in this task revealed no differences between Y and MA/AG groups, although AG(I) rats were impaired. This dissociation between MAlAG impairments in the one-and five-choice task suggests that these animals may show attentional deficits compared with Y rats, which are independant of changes in sensory (visual), motor function, or motivation. Finally, the MA deficit in attention was partially reversed by tacrine pretreatment (3 mglkg). Also scopolamine (0.01-0.075 mg/ kg) and mecamylamine (0.3-5 mg/kg) pretreatment impaired choice accuracy of MA but not Y rats. Taken together, the drug studies imply that the attentional deficits may at least be partially due to changes in cholinergic function. [Key words: age, rat, serial five-choice reaction time task, tacrine, selective attention, scopolamine, mecamylamine]
Impaired attentional processes results in severe cognitive and behavioral dysfunctions (see Sarter, 1994) . Deficits in attention are associated with age-related decrements in human memory (Craik and Simon, 1980; Craik and Byrd, 1982) and comprise some of the cognitive deficits associated with Alzheimer's disease (AD; Capitani et al., 1988; Freed et al., 1989; Grady et al., 1989; Parasuraman et al., 1992; Parasuraman and Martin, 1994) . Indeed, impairments in various parameters of attention may rep-resent the first signs of neocortical dysfunction in AD (Parasuraman and Haxby, 1993) . Many of the neural systems most affected in AD, including the basal forebrain cholinergic system, play significant roles in attentional processes (see Parasuraman et al., 1992) .
However, there have been few attempts to develop tests of attention and model the attentional deficits associated with aging and AD in animals. One such test is the five-choice serial reaction time (5-CSRT) task, where rats have to detect brief flashes of light presented randomly in one of five spatial locations (Carli et al., 1983 ). Robbins and co-workers have examined attentional effects following disruption of specific neurotransmitter systems in this task (Carli et al., 1983; Cole et al., 1989; Robbins et al., 1989; Muir et al., 1992a,b; 1994) . The cholinergic system is particularly important for maintaining high levels of accuracy in this task. For example, disruption of the basal forebrain cholinergic system, degeneration of which is a feature of normal aging (McGeer et al., 1984; Flood and Coleman, 1988; Vogels et al., 1990) and of the neuropathology of AD (Perry et al., 1978; Whitehouse et al., 1982; Coyle et al., 1983) , impaired accuracy in this task. This impairment was attenuated by treatment with physostigmine or cholinergic-rich cortical grafts Muir et al., 1992a Muir et al., , 1994 .
There are many reports of age-related differences in cognitive performance in animals (Bartus et al., 1980; Albert, 1988; Gallagher and Pellymounter, 1988; Barnes, 1990; Gower and Lamberty, 1993; McGaughy and Sarter, 1995) Given that aged rats show some degeneration of the basal forebrain cholinergic system (Fischer et al., 1991; Flood and Coleman, 1988; Smith et al., 1993) , it is expected that they would be impaired in tests of attention. Moore et al. (1992) investigated the effects of aging upon performance of 4, 12, and 18-month-old Fischer-344 rats in a test of vigilance. Performance was assessed in simple-and choice-reaction time tasks (SRTT and CRTT, respectively) and appeared to successfully detect an age-related decrease in vigilance. However, the CRTT, which required rats to locate the signal and decide among two response alternatives, failed to separate age-related differences to a greater extent than the SRTT, which did not require a decision about the correct response to make.
The aim of the present study was to determine the effects of aging upon performance of rats in the 5-CSRT task. Three groups of rats (3, 15, and 22 months old at the start of the experiment)
were trained initially in the 5-CSRT task, and the effects of age upon the acquisition, baseline performance, and sensitivity to increases in the attentional load were determined. Subsequently, the performance of the rats in a simplified version of the task, the simple reaction time task (SRTT), in which the light stimulus appeared in a central, predictable location was analyzed. Finally, the effects of the cholinesterase inhibitor, tacrine, and the cholinergic antagonists scopolamine and mecamylamine were determined. Tacrine was selected as it has been reported to attenuate some of the performance deficits in a computeriized, touch-screen version of the 5-CSRT task in AD patients (Sahakian et al., 1993) .
Materials and Methods

Animals
The subjects were 13 young (Y), 14 middle-aged (MA), and 18 aged (AG) male, hooded Lister rats (3, IS, and 22 months old, respectively, at the start of the experiment).
Only rats that appeared to be healthy and showed no overt signs of ill health (e.g., tumors, cataracts, or locomotor disabilities)
were trained. Accordingly, two additional aged rats were excluded at the start of the experiment. The apparatus (Paul Fray Ltd., Cambridge, UK) used was very similar to that described by other workers (Carli et al., 1983) . It consisted of eight 25 X 25 cm aluminium chambers, each with a curved rear wall. Set into the curved wall were nine, 2.5 cm square holes, 4 cm deep and 2.5 cm above a wire mesh floor. Each hole had an infrared photocell beam monitoring its entrance and was illuminated by a 3 W bulb located at the rear of the hole. For the five-choice task, holes 2, 4, 6, and 8 (from the left hand side) were blocked with metal covers; in the simple reaction time task, all the holes except number 5 were blocked.
A food pellet dispenser delivered pellets into a magazine at the front of the chamber.
Access was gained to the magazine through a perspex panel, the operation of which was monitored by a micro switch. The chamber was illuminated by a 3 W house light mounted in the roof alongside a small general purpose loud-speaker through which bursts of white noise could be delivered (white noise generator 530, Camden Instruments Ltd., Loughborough, UK). The animal was introduced to the chamber through a perspex door in the top half of the front wall. The training methods adopted were a modified version of those used by other workers (e.g., Carli et al., 1983 In order to allow comparisons between the different age groups on the acquisition of this task, the training schedule was divided into several stages. At all of these stages, rats were required to initiate 100 trials within the 30 min period and miss less than 20% of these before passing on to the next training stage. The target parameters were: SD. 0.5 set: LH. 5 set: ITI. 5 sec. For the first two sessions, SD and LH were 60 set and IT1 and time out were 3 set (increased to S set on the third session). Once the rats were getting more than 90% of trials correct on three consecutive occasions, the SD and LH were decreased to 30 sec. After two consecutive sessions at the above criterion. the SD and LH were reduced to IO set for one session. This did not impair performance in any rats; therefore, SD and LH were reduced to 5 set until two consecutive sessions at above 80% accuracy were conipleted. SD was reduced to 1 set until two consecutive sessions at above 80% accuracy, when it was reduced to 0.5 sec. Rats were considered trained when accuracy was greater than 80% at the target conditions on three consecutive sessions. However, after 45 training sessions, a proportion of the aged rats (n = II) still had not reached criterion at 0.5 set SD. Therefore, these rats were assigned to a separate group with all subsequent testing using a SD of 1 set [AG( 1 set)]. A series of manipulations of the stimulus parameters was employed posttraining in a manner similar to that used by Robbins et al. (1989) .
In all cases, rats were presented with 100 trials (25 of each trial type presented in a pseudorandom order) and allowed 40 min to complete the session. In the first session, the SD was 60 set and was gradually reduced over five sessions to 0.5 sec. except the AG( 1 set) group, which were reduced to a final SD of 1 sec. To avoid complete temporal predictability of the light stimulus that would raise the possibility that rats could respond with a high level of accuracy without having to detect the stimulus, the IT1 was varied over Behuviorul challenges. From the series of behavioral challenges carried out in the five-choice task, it was apparent that reducing the SD and SI impaired accuracy in an age-dependent manner. Therefore, the effects of reducing SD and SI were tested in the SRTT However, because of the requirement for balanced combinations of stimulus characteristics and variable ITI duration, the software limited changes to only two SD or SJ levels combined with two JTJ durations (in this case 4.5 and 5. Perjbrmunce measures. The performance measures were total correct responses, %omissions, latency to make a response (response latency), magazine latency, number of premature and perseverative responses, and the number of magazine panel pushes. Under SC, the data was collapsed across all four IT1 durations. However, when challenged with reduced SD or SI, the data for total correct responses for each SD or Sl condition was collapsed across both the ITI durations. For all other measures, the data was collapsed across all conditions.
Influence of tucrine (3 mg/kg xc.) upon per$ormance in the Jivechoice serial reucrion time tusk. After testing in the SRTT, the rats from MA and Y only were retrained in the 5-CSRT task over a 2 week period until a stable level of performance was reached. Using a Latin square design in the MA rats, tacrine (3 mglkg s.c.) or vehicle (VEH, 0.9% w/v saline) were administered at 1700 h the night before, and 45 min prior to, testing under conditions of combinations of variable SD (0. I5 or 0.5 set) with variable Sl (45 or 575 lux). Rats were tested on Wednesday with training under SC on all other weekdays. Data was analyzed as a two-factor repeated-measures ANOVA (drug, trial type). Post hoc analysis was carried out using Tukey's t test. Previous studies (Jones et al., 1993) showed that performance deficits under the combination condition remained stable under this protocol.
The in&ewe of scopolumine (0.01-0.075 mglkg xc.) und mecumylamine (0.3-5 rng/kg s.c.). Approximately 10 months after the beginning of training the effects of scopolamine (0.01-0.075 mg/kg s.c.) and then mecamylamine (0.3-5 mg/kg s.c.) were assessed in groups Y and MA under SC. Drugs were administered 30 min prior to testing on Tuesdays and Thursdays with training under SC on other days. Rats received all doses of each drug with a 2 week period between the two studies. Data was analyzed using a two-factor ANOVA (age and drug). Post hoc analysis was carried out using Tukey's t test.
Locomotor activity response to a novel environment. Immediately after completing the SRTT studies, the locomotor activity (LMA) of seven to eight randomly selected rats from each age group was determined as part of the continuing investigation of the role of sensorimotor deficits in task performance. Eight polypropylene activity chambers (3 I X I9 X I8 cm; L X W X H) were used. Activity was measured by the animal interrupting an array of photoelectric beams positioned 3 cm and I I cm above the cage floor. Following a 60 min habituation period to the laboratory, rats were placed individually into the boxes and activity was measured at 5 min intervals for a 60 min period. The animals had no previous experience of this apparatus. Data for total activity counts for each 5 min time bin were analyzed using a two-way ANOVA (factors: time bin and age), and a one-way ANOVA was carried out on data for total activity for the 60 min period.
Results
The rat weights at the start of training were: 567 2 17 gm [AG(0.5 set)], 538 t I I gm [AG( I set)], 536 ? I8 gm (MA), and 369 ? 7 gm (Y). At the end of the training period (approximately 12 weeks later), the weights were: 456 ? 17 gm [AG(O.S set)], 426 + IO gm [AG(l set)], 426 +-9 gm (MA), and 371 2 6 g (Y). Throughout the course of these studies, certain aged rats were withdrawn because their health deteriorated to levels that might affect task performance. Therefore, at each stage of this work the group n is presented to reflect this adjustment.
Five-choice serial reaction time task
Tusk ucquisition The data for the rate of acquisition of the five-choice task is illustrated in Figure I . Overall, there was a significant main effect of age upon the mean total sessions to complete training to SC [excluding group AG( I set), F(2,29) 21. I, p < 0.0001, and MA worse than Y at the I set stage 0, < 0.05). A direct comparison between all four groups could only be made at the 60 and I set stages: AG( I set) were significantly worse than Y at both these stages (p < O.OS-O.Ol), but were not different from AG(0.5 set).
Perj?ormance under stundurd conditions (SC)
The performance of rats under SC is shown in Figure 2a -d. Rats were tested once daily for the 5 d following division of the aged rats into two groups. There were main effects of age upon %cor-rect [F(3,204) 3.6, p < 0.05, Fig. 2~1 , %omissions [F(3,204) 13.7, p < 0.0001, Fig. 2b 
DCIYS
The reduced %correct of the AG(0.5) and MA group compared to Y rats on day 5 (Fig. 2~ ) was unusual and not reflective of the general performance of these groups under SC, which was similar to Y rats during the course of these studies. Rather, the clearest effects of age were upon %omissions and correct latency. For magazine latency, the age-related difference appeared to be the result of a trend towards MA rats retrieving the food reward more quickly than other groups.
Behavioral challenges Variable, reduced stimulus duration. This experiment used 7 rats from AG(0.5 set), 11 rats from AG(1 set), 14 rats from MA, and 13 rats from Y. The effects of reducing SD on accuracy are illustrated in Figure 3~ . Because of the differences in SDS used for AG(1 set), only data for AG(0.5 set), MA, and Y were included in the analysis of %correct data by SD. There were main effects of age [F(2,124) set) performed significantly worse than Y rats at particular SD, notably 0.15 sec. Further analysis examined data collapsed across the four different SDS and included group AG(1 set). There was no effect of age upon overall %correct [F(3,41) 2.3, p = 0.091, although there was a trend for AG(0.5 set) and MA to show lower choice accuracy compared to Y rats (Table 1) . There was an age-related increase in overall %omissions [F(3,41) = 5, p < O.OOl], such that AG(l set) rats missed significantly more trials than both MA and Y rats (p < 0.01; Table 1 ). There was a near-significant trend towards an age-related increase in correct latency [F(3,41) = 2.7, p = 0.0571, with AG(0.5 set) and AG( 1 set) slower than Y rats (see Table 1 ).
Variable, reduced stimulus intensity. This experiment used 7 rats from AG(0.5 set), 11 rats from AG(1 set), 14 rats from MA, and 13 rats from Y, and results are shown in Figure 3b . There were significant main effects of age [F(3,164 In general, the effects of age were apparent under all levels of stimulus intensity, the Y group performing with higher accuracy at each level. Collapsing the data across stimulus intensity revealed a main effect of age upon overall %correct [F(3,41) = 3.8, p < 0.051; AG(I set), AG(0.5 set), and MA each being signihcantly worse than Y (see Table I ).
There was an effect of age upon correct latency [F(3,41) = 5.6, p < 0.011, resulting from the increased response time of AG( I set) compared with Y. There was also an effect of age upon magazine latency [F(3,41) = 3.0, p < O.OS]; however, this was as a result of a reduced latency to retrieve the food reward by MA compared with Y. There was no effect of age upon overall ?&missions, premature responses, perseverative response or panel pushes (see Table I ).
Vuriuble ITI. Two separate experiments were conducted, examining the interaction between age and short variable ITIs (2-5 set) and long variable ITIs (5-8 set). In each experiment significant main effects of age were found [short ITI: F(3,160) = 3.8; long ITI: F(3,160) = 3.8; both p < 0.05]. However, in each case, post hoc analysis revealed no age related impairment, rather the AG( I set) animals performed significantly better than all other groups at the extreme IT1 durations, i.e, 2 and 8 sec. Presumably, the longer stimulus duration required for these animals afforded some protection against the variable ITI. In each experiment, both AG(0.5 set) and AG(I set) were slower to make a correct reponse (but not to collect the food reward), compared to Y rats (data not shown). Interpolation of a white noise distractor. This experiment used 6 rats from AG(0.5), I I rats from AG( I set), I4 rats from MA, and I2 rats from Y. The effects of white noise distraction on accuracy are illustrated in Figure 3~ . There was a main effect of noise [F(3,156) = 5.3, p < 0.011 and age [F(3,156) = 6.56, p < O.OOl] upon %correct. Thus, the interpolation of a burst of white noise into the IT1 introduced a modest impairment of choice accuracy; however, the magnitude of this impairment was similar across groups. Post hoc analysis revealed a difference at only one comparison point: under control conditions MA were less accurate than Y @ < 0.05). There was no effect of age upon total %correct.
There was a significant effect of age upon correct latency [F(3,39) = 10.6, p < O.OOOl], as both AG(0.5 set) (0.63 -t 0.05 set, p < 0.05) and AG( I set) (0.72 + 0.04 set, p < O.Ol), but not MA, were slower than Y (0.52 t 0.03 set). MA rats were significantly quicker to retrieve the food reward than all other groups. There was also an age-related decrease in the total number of premature responses [F(3,39) = 4.2, p < 0.051; AG(0.5 set) (9 + 4, p < 0.05) and AG(I set) (IO t 5, p < 0.01) compared with Y (30 + 7). However, there were no effects of age upon %omissions, the total number of perseverative responses or panel pushes.
Combinations of vuriuble stimulus duration with variable stimulus intensity. This experiment used 6 rats from AG(O.5), IO rats from AG( I set), 14 rats from MA, and I3 rats from Y. The effects of the combination of standard or reduced SD with standard or reduced SI are illustrated in Figure 4 . There were significant main effects of age [F(3,156) = 19.9, p < O.OOOl] and parameter change [F(3,156) = 53, p < O.OOOl] upon %cor-rect. Post hoc analysis revealed significant age-related differences from group Y under all test conditions. When the data was collapsed over all trials, there was a highly significant agerelated reduction in total %correct [F(3,39) = 13.2, p < O.OOOl], from 74 -C 1% (Y) to 61 + 3% (MA, p < O.Ol), 57 -C 4% AG(0.5 set), p < 0.01) or 48 t 4% [AG(I set), p < O.Ol].
There was a significant effect of age upon the total %omissions [F(3,39) = 7, p < O.OOl], with AG(I set) (28 ? 5%, p < 0.01) greater than Y (8 ? 3%). There was also an agerelated effect upon correct latency ]F(3,39) = 12.6, p < O.OOOl] as AG(0.5 set) (0.72 + 0.05 set, p < 0.05) and AG( I set) (0.90 + 0.07 set, p < 0.01) were significantly slower than Y (0.53 2 0.02 set). There was no effect of age on the number of perseverative responses and panel pushes. Furthermore, magazine latency was similar across all groups. Fig. 5~1 . The reduction in total correct for AG( I set) was a result of an increase in %omissions [F(3,198) = 3 1, p < 0.00 I, Fig. 5h ]. There were no differences between the other groups of rats. There was an age-dependent increase in correct latency [F(3,198) = 51, p < 0.0001, Fig. 5c ] with both AG(0.5) and AG(l set), but not MA, significantly slower than group Y. As on several occasions in the 5CSRT task, MA rats were significantly quicker to retrieve the food reward [F(3,198) = 8.8, p < 0.0001, Fig. 5d ].
Behavioral challenges Reduced stimulus duration.
There were significant effects of both age [F(3,80) = 16.3, p < O.OOOl] and SD [F(l,SO) = 7.5, p < 0.011 upon total correct; however, only AG( 1 set) were significantly worse than Y (see Table 2 ). AG(I set) (35 ? 5, p < 0.01) rats, but not MA or AG(0.5 set), also missed signifi- Reduced stimulus intensity. There was a main effect of age [F(3,80) = 8.2, p < O.OOl], but not SI, on total correct. AG(l set), but not MA or AG(0.5 set), were significantly worse than Y under both SI conditions (JJ < 0.05-0.01, see Table 2 ). AG( I set) (24 ? 5, p < 0.01) but not MA (8 -t I) or AG(0.5 set) (17 t 5), also missed significantly more trials than Y (10 ? 3) and were slower to make a response [F(3,40) = 8.2, p < O.OOl] than Y (0.41 2 0.04 set, Y compared with 0.62 2 0.04s AG( I set), p< 0.011. There were no effects on other measures of performance, except that MA were significantly quicker to retrieve the food reward than the other age groups (data not shown).
Effects of cholinergic drugs upon performance in the five-choice serial reaction time task Tucrine (3 m&kg) Thirteen MA rats were used in this experiment, the data from which is illustrated in Figure 6A . A significant main effect of tacrine [F( I ,12) = 6.6, p = 0.021 and trial type [F(3,36) = 36.4, p < 0.011 were found, but no tacrine X trial type interaction [F(3,36) = 2.0, NS]. Post hoc comparisons revealed that tacrine significantly increased choice accuracy under standard condition (CONTROL) and reduced stimulus duration (SD). No other performance measures were affected by tacrine pretreatment, e.g, correct latency: vehicle 0.7 ? 0.03s tacrine 0.7 2 0.05 sec. This experiment used 8 rats from Y and I2 rats from MA, and the data is illustrated in Figure 6B and Fig. 6B ). There were similar age-related effects of scopolamine upon %omissions, correct, and magazine latency (Table 3) , but not on any other measures (data not shown).
Mecamylamine (0.3-5 mg/kg s.c.) There was a main effect of mecamylamine [F(4,90) = 4.4, p < 0.011, but not age [F(l,90) = 0.7, p > 0.051 upon %correct (Fig. 6C) . There was an age-related effect of mecamylamine upon %omissions, such that omissions were significantly higher following mecamylamine in MA than Y (Table 4) . Correct latency (but not magazine latency) was increased by mecamylamine treatment in both Y and MA groups, although this effect was more pronounced in the latter. There were no other agerelated differences in the effects of mecamylamine.
Locomotor activity response to a novel environment The number of rats in this study were: Y (8), MA (8), AG(0.5 set) (7), AG(1 set) (8). This allowed us to counterbalance the testing of Y, MA, AG groups. The data is shown in Figure 7A . There were main effects of both age [F(3,324 Analysis of the accumulated activity for the whole period revealed a significant effect of age [F(3,27) = 13.3, p < O.OOOl], with an age-related reduction in LMA (Fig. 7B ).
Discussion
Effects of age upon acquisition of the 5-CSRT task A major finding of this study was that Y, MA, and at least a subgroup of aged rats were successfully trained in the 5-CSRT task. However, there was a clear effect of age upon the acquisition: MA and aged rats required more trials to reach criterion at each training stage. There are two distinct stages of training; the initial acquisition of the stimulus light-reward association, and a second stage when the SD is reduced to 1 set or below, which specifically places a greater attentional demand on the animals. Together, each revealed a very clear age-related increase in the number of training sessions to criterion. The deficit in the stimulus light-reward association may be the result of a number of factors. At the beginning of training, MA and aged rats were significantly heavier than Y, and all rats had been food restricted for only I week prior to training. It is possible that MA and aged rats were less motivated to learn the task as they lost comparatively less body weight than Y rats. However, even at this stage, there were no apparent differences in the latency to retrieve the food reward, and the rewards were always retrieved, indicating a similar level of motivation for each group. A second, more likely contribution to the acquisition deficit relates to the reduced exploratory drive of MA and aged, compared to Y rats, rendering these animals less likely to make a correct response by chance. This was seen in both the operant chamber (visual inspection, not quantified) and within a novel out these studies may introduce a small working memory comopen held arena.
ponant to this task compared with both MA and Y. The slower acquisition of the stimulus light-reward association in the MA and AG rats may be related to the unpredictable location of the stimulus presentation. There are many studies showing an age-related impairment of acquisition of either spatial (Rapp et al., 1987; Gage et al., 1988; Fischer et al., 1991; Pitsikas and Algeri, 1992; Van der Staay and de Jonge, 1993) or operant tasks, but in each case the associative stimulus is presented in a more predictable manner than in the five-choice task. Thus, the need to adapt to a variety of stimulus locations is likely to require attentional as well as mnemonic processes. Deficits in either of these functions in the MA and AG rats are also likely to contribute to the slower acquisition rates during the early phase of training. Training different age groups of naive rats in the more predictable SCRT time task may provide valuable information about this.
Effects of age upon baseline performance of the 5-CSRT and
SRT tasks
The second part of the training procedure, which involves the gradual reduction of SD to I and 0.5 set, represents the first time where a response is generally made in the absence of the light stimulus (i.e., correct latency of greater than 0.5 set). It is perhaps important that the clearest age-related effects were seen at this stage. MA and both groups of aged rats required significantly more sessions to reach criterion than Y. This may represent an age-related effect upon attention. However, reducing SD may introduce a shot--term memory component to the task, for the rat must detect the light stimulus and remember which of the tive holes to respond to (Muir et al., 1994) and make this task analogous to a delayed response task . Presumably, as the response latencies for all groups are reduced, the memory component to this task will become negligible. Nonetheless, the greater response latencies for aged rats throughOnce trained, there were effects of aging upon baseline performance of the 5CSRT task. The effects on %omissions and correct latency were the most robust. Both MA and AG(0.5 set) showed a trend towards a reduced accuracy compared with Y, which reached significance for MA on day 5, although this effect was not apparent in any later sessions run under standard conditions throughout the period of this report (e.g., note vehicle pretreated Y and MA groups in Fig. 6B and C) . The age-related increase in omissions is unlikely to reflect a reduced motivation, as there were no effects of aging upon reward retrieval latency. In fact, there was a consistent trend for MA to show the fastest magazine latency-a finding for which we have no obvious explanation. Both groups of aged rats were significantly slower to make a correct response than Y, although a similar level of accuracy was achieved, suggesting adoption of a speed/error trade off strategy .
Following the behavioral challenges in the 5-CSRT task, rats were trained in the SRT task. There were no differences in the number of correct responses or %omissions between Y, MA, and AG(0.5 set). However, AG( I set) rats made a large number of errors of omission (approximately 30%). Compared with the 5CSRT task, the increase in %omissions for AG( I set) and the similar levels for AG(0.5 set), MA, and Y rats was surprising. It was expected that omissions would fall as the numbers of response choices was reduced from five to one. The greatly reduced LH (from 5 to 2 set) and/or the variable ITI (from 5 to 4. 25-5.75 set) may explain these findings. However, these changes were necessary to introduce a mild degree of stimulus unpredictability, otherwise the animals could simply respond without having to attend to the stimulus.
Similar to the 5-CSRT task, in the SRT task there was an agerelated increase in correct latencies; both groups of aged rats being slower than Y; although again, there were no age-related differences in magazine latency. It is also important to note that compared with the SRT task, all rats were slower to make a correct response in the 5-CSRT task. This suggests that correct latency is sensitive to increased attentional load caused by increased response choices, i.e., greater demands upon signal detection/processing and decision processing.
The effects of' challenge with variable stimulus prumeters Table 5 summarizes the effect of age on responding to the various stimulus conditions. For Y, MA, and AG(0.5 set) rats at least, reducing SD from 0.5 set to 0.15 set, or SI from 575 lux to 45 lux, exacerbated age-related differences in response accuracy in the 5-CSRT task, but not in the SRT task. Robbins and co-workers have suggested that increased sensitivity to reduced SI is indicative of effects upon visual function, rather than attentional processes Muir et al., 1992a,b) . However, we found a clear dissociation in relative sensitivity of the different age groups to variations in SI or SD between the SRT and 5-CSRT tasks. For example, the AG(0.5 set) group were significantly impaired relative to Y, when SD was reduced from 0.5 to 0.15 set in the S-CSRT, but not in the SRT task. These findings suggest that the age-related increase in sensitivity to variable SD and SI are a result of impaired attentional processes rather than sensorimotor deficits. For AG( 1 set), however, the effects in the 5-CSRT task were mirrored to some degree in the SRT task, suggesting factors other than attention, possibly sensory function, are involved. Increased sensitivity to reduced SD (but not SI), and also the adoption of a speed/error tradeoff stategy has been reported following disruption of the forebrain cholinergic system Muir et al., 1994) a system that is reported to be degenerated in aged rats (Flood and Coleman, 1988; Fischer et al., 1992; Smith et al., 1993) . Disrupting the cholinergic system exacerbates distraction caused by a burst of loud white noise Muir et al., 1992a; Kirkby et al., 1994; Jones and Higgins, 1995) . However, there was no evidence of increased distractibility with aging in the present study. The %con-ect for Y, MA, and AG(0.5 set) rats each showed a similar rate of decline and was particularly apparent when the white noise was simultaneous with the light stimulus. Taken together, these findings illustrate some dissociations between the pattern of changes produced by cholinergic lesions and aging. Presumably this reflects the involvement of variety of neurotransmitter systems, including the cholinergic system, in age-related deficits (Arnsten and Goldman-Rakic, 1985; Flood and Coleman, 1988; Gallagher et al., 1990; Fischer et al., 1992; Gallagher and Nicolle, 1993; Nagahara et al., 1993; Smith et al., 1993) and/or that age-associated changes in cholinergic function are not likely to be as severe as that produced by selective pharmacological or surgical disruption of this system. In general, it appears that in rats, age-associated reductions in ChAT activity are not as extensive as those induced by basal forebrain neurotoxin lesions (e.g., see Dunnett et al., 1991; Fischer et al., 1991; .
The injluence of cholinergic drugs upon peformance The ability of the anticholinesterase drug tacrine to cause a small improvement in the performance of MA was of interest for two reasons. First, it implies that the performance decline of MA rats is at least partially attributable to a cholinergic deficit. It was interesting to note that in the combination procedure used, tacrine only improved performance under conditions of reduced stimulus duration, not intensity. This is consistent with the relative sensitivities of these manipulations to cholinergic lesions Muir et al., 1994) . Second, the present findings are comparable with those of Sahakian and co-workers (1993) who reported improved performance in the 5-CSRT task for some AD patients following tacrine. In previous studies, in a very wide range of conditions, tacrine has consistently failed to influence the performance accuracy of young rats (Jones et al., unpublished data) . The effects of tacrine in MA rats suggests that this test may have some predictive value.
Low doses of scopolamine selectively impaired the accuracy of MA but not Y rats under standard conditions. This finding is particularly notable because of the consistent lack of effects upon accuracy of younger rats to scopolamine under these conditions (Jakala et al., 1992; Jones and Higgins, 1995) . The reductions in choice accuracy may simply reflect a more generalized performance disruption as evidenced by the increased omissions and latency measures in MA rats. However, against this, mecamylamine caused similar changes in omissions in Y and MA rats, although accuracy was reduced by only .5-10%. Similar age associated changes in the magnitude of a scopolamine-induced impairment in spatial learning has recently been reported (Nilsson and Gage, 1993) . Therefore, it is quite likely that the increased sensitivity to cholinergic blockade is a reflection of an age associated decline in the functioning of forebrain cholinergic systems (Flood and Coleman, 1988; Fischer et al., 1991; Smith et al., 1993) ; however, further study is required.
Mecamylamine also impaired performance accuracy, although the effect was similar in both Y and MA rats, and of smaller magnitude compared to scopolamine.
These results indicate a role for both nicotinic as well as muscarinic cholinoceptors in attentional processing. Mecamylamine impairs performance of rodents in a variety of memory tasks, although studies using tests designed to specifically measure attention have not been conducted to date (Levin, 1992) . Our present studies therefore significantly extend this literature. Despite magazine latency being largely unaffected by mecamylamine, the animals were markedly slower to make a correct response, suggesting the adoption of a speed/error tradeoff strategy. In humans, mecamylamine has similarly been reported to slow cognitive performance (Stolerman et al., 1973 ). An important role of nicotinic cholinergic systems in attention is supported further by clinical studies; the most consistent finding following acute nicotine injection or cigarette smoking effects on cognition is improved vigilance and information processing (Wesnes and Warburton, 1984; Sahakian et al., 1989; Levin, 1992) .
Conclusions
The main finding from the present study is of an age-related impairment in the acquisition and performance in the 5-CSRT task, which was most clearly seen when the duration or intensity of the light stimulus was reduced. For MA and AG(0.5) rats at least, these effects were not mirrored by performance deficits in the SRT task. Together, these observations might indicate an age-related deficit in attention in the rat that can be detected by the five-choice serial reaction time task. Furthermore, the agerelated differences in sensitivity to the effects of tacrine and scopolamine suggests the involvment of the muscarinic cholinergic system in at least some of these deficits.
